Oxidation-reduction properties of the iron-sulfur cluster in Bacillus subtilis glutamine phosphoribosylpyrophosphate amidotransferase.
Native Bacillus subtilis glutamine phosphoribosylpyrophosphate amidotransferase contains a [4Fe-4S] cluster in the diamagnetic (+2) state. The cluster is essential for catalytic function, even though amidotransferase does not catalyze a redox reaction. The ability of the Fe-S cluster to undergo oxidation and reduction reactions and the consequences of changes in the redox state of the cluster for enzyme activity were studied. Treatment of the enzyme with oxidants resulted in either no reaction or complete dissolution of the Fe-S cluster and loss of activity. A stable +3 oxidation state was not detected. A small amount of paramagnetic species, probably an oxidized 3Fe cluster, was formed transiently during oxidation. The native cluster was poorly reduced by dithionite, but it could be readily reduced to the +1 state by photoreduction with 5-deazaflavin and oxalate. The reduced enzyme did not display an EPR spectrum typical of [4Fe-4S] ferredoxins in the +1 state, unless it was prepared under denaturing conditions. Mössbauer spectroscopy of reduced 57Fe-enriched amidotransferase confirmed that the cluster was in the +1 state, but the magnetic properties of the reduced cluster observed at 4.2 K indicated that it is characterized by a ground state spin S greater than or equal to 3/2. The midpoint potential of the +1/+2 couple was too low to measure accurately by conventional techniques, but it was below -600 mV, which is 100 mV more negative than reported for [4Fe-4S] clusters in bacterial ferredoxins. Fully reduced amidotransferase had about 40% of the activity of the native enzyme in glutamine-dependent phosphoribosylamine formation. The fact that both the +1 and +2 forms of the enzyme are active indicates that the cluster does not function as a site of reversible electron transfer during catalysis.